Abstract. The present case report described the initial diagnosis of a 25-year old female with a brain abscess consisting of two lesions 0.2 and 2.9 cm 3 in volume. The patient was initially treated with antibiotics; however, 2 months following initial treatment, the patient's condition deteriorated and she became vegetative. Following transfer to the China-Japan Union Hospital of Jilin University (Jilin, China) the two lesions had grown in volume to 9.0 and 13.0 cm 3 , respectively. The results of magnetic resonance spectroscopy and plasma 1-3-β-D-glucan activity suggested a possible fungal infection. Subsequently, a stereotactic biopsy was conducted, fluid was cultured and itraconazole treatment was initiated. Analysis of cultures confirmed a Candida glabrata infection and antifungal treatment was continued. Shortly following surgery, the patient regained consciousness and the ability to eat and speak. A follow-up MRI 8 months following biopsy confirmed disappearance of all lesions and no recurrence. To the best of our knowledge, this is the first English-language report of a brain abscess caused primarily by Candida glabrata.
Introduction
Although >100 thousand fungal species are recognized, only a couple of hundred have been suggested to be pathogenic to humans and 10-15% of pathological fungi produce systemic and/or central nervous system (CNS) mycosis (1) .
Species of Candida may cause intracranial abscesses and multiple cases have been described in the literature. The most common identified strain that causes infections is Candida albicans (C. albicans) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) ; however, C. parapsilosis (17) (18) (19) , C. tropicalis (20) , C. encephalitis (21) and C. lusitanea (22) infections have also been recorded. In a retrospective analysis of 128 cases of Candida bloodstream infections, the most frequently isolated species were C. albicans (64%), C. glabrata (20%), C. tropicalis (9%) and C. parapsilosis (5%) (23) . Intracranial abscesses caused by fungal infections may present with various clinical syndromes, including basal meningitis, space occupying lesions, stroke syndromes, hydrocephalus and spinal infections (1) . Compared to viral, bacterial or parasitic CNS disorders, symptomatic CNS fungal infection carries higher risks of morbidities and mortality (1) . Different from other Candida species, C. glabrata is found as blastoconidia as a commensal and a pathogen, and infections are difficult to treat and typically resistant to various azole antifungal agents, particularly fluconazole (24) (25) (26) . Consequently, C. glabrata infections have a high mortality rate in compromised, at-risk hospitalized patients (27) . Although C. glabrata has been identified as causing infections of the bloodstream, to the best of our knowledge, the current report is the first to describe an intracranial abscess caused by C. glabrata.
Itraconazole has in vitro activity against many of the non-albicans Candida species, specifically C. glabrata; furthermore, an improvied response rate to itraconazole has been indicated compared with fluconazole (27) . The present case study reports the successfully treated cerebral abscess case due to C. glabrata specifiying the surgical approach and itraconazole treatment. Furthermore, the present study reviewed the literature regarding this infection.
Case report
Approval regarding the use of human data for experimental and clinical studies was obtained from the Ethics Committee of the China-Japan Union Hospital of Jilin University (Jilin, China) and written informed consent was obtained from the patient's family. The principles expressed in the Declaration of Helsinki were adhered to in order to maintain the integrity of the data.
The current study describes the case of a 25-year-old female patient, weighing 40 kg who presented with fever (38.7-39.0˚C), phlegmy cough and numbness in the right hand. Within 24 h onset of these symptoms, the patient was unable to speak or move the upper and lower limbs on the right-hand side.
Multiple brain abscesses caused by infection
with Candida glabrata: A case report
The patient had undergone an anal polypectomy on November 10, 2014 at the Dehui Municipal Hospital (Jilin, China) to remove a flat, soft, polyp 5 cm in size that had been present outside the anus for >7 years. Pathology indicated that it was a benign papilloma. Relevant medical history included frequent colds and fevers ranging between 38-39˚C, psoriasis involving the scalp, abdomen and all limbs from the age of 8 and a 12-year history of smoking (~20 cigarettes/day).
On December 29, 2014, the patient was admitted to the Neurology Clinic at the First Hospital of Jilin University with lethargy, uncooperativeness during physical examination, motor aphasia, left central facial paralysis, strong nuchal rigidity, level 1right limb muscle strength, increased muscle tone, hyperreflexia and level 5 left limb muscle strength. The patient exhibited a positive bilateral Kernig sign, bilateral positive Babinski signs and bilateral positive Chaddock sign, which were indicative of meningeal irritation and pyramidal sign positive, is the clinical features of meningitis and pyramidal tract damage. However, peripheral blood and cerebrospinal fluid cultures tested negative for bacteria and fungi. An ultrasonograpic examination indicated no perianal abscess. A computerized tomography (CT) scan of the lungs identified minor inflammatory changes in the right lung in all lobes and the lingula and lower lobe of the left lung. A CT scan of the head revealed multiple low-density patches of different sizes in the right frontal lobe, left corona radiate and left half-oval center. The CT value was 16-26 HU and the midline had not shifted. Minor inflammation was present on the bilateral maxillary sinuses and mastoid inflammation was evident in the middle ears. The patient was hospitalized on December 29, 2014 and began treatment with 125 ml mannitol three times a day via intravenous injection.
On December 31, 2014, the patient underwent a magnetic resonance imaging (MRI) scan of the head at the First Hospital of Jilin University. The results revealed multiple lesions and abnormal enhancements in the intracranial bilateral frontal and temporal lobes. Furthermore, the midline was shifted slightly to the right. Lesions were detected in the right frontal lobe (size, 8x8x8 mm; volume, 0.2 cm respectively and multinucleate cell and monocyte levels were 9 and 91%, respectively. The level of immunoglobulin (Ig) G in the CSF was 15.90 mg/l (normal range, 0-34.0 mg/l) and the level of high-sensitivity C-reactive protein (CRP) was 7.51 mg/l (normal range, 0.0-5.0 mg/l). Hematological evaluation was performed in the 4-ml blood sample extracted from the patient. The sample was centrifuged at 1,342 x g at 4˚C for 10 min before a WBC count of 11.12x10 9 /l (normal range, 4.0-10.0x10
9 /l), neutrophil percentage of 79% (normal range, 50-70%) and absolute neutrophil count of 8.73x10
9 /l (normal range, 2.0-7.0x10 9 /l) were determined. The results of tests for syphilis and human immunodeficiency virus (HIV) were negative. The patient was diagnosed with a brain abscess, purulent meningitis and bilateral pneumonia. Vancomycin (1.0 g, twice a day) and meropenem (1.0 g, 6 times a day) were administered via intravenous injection. However, 11 days after this treatment was initiated, symptoms had worsened and the patient was unable to eat.
On January 19, 2015, the patient was transferred back to Dehui Municipal Hospital. The patient continued to receive treatment with vancomycin but not meropenem until a rash developed 10 days later and antibiotic therapy was stopped.
On January 29, 2015, the patient was hospitalized and examined at the neurosurgery clinic of the China-Japanese Union Hospital of Jilin University. Physical examination demonstrated that the patient was in a vegetative state. The patient was able to open their eyes but was unable to move them and unable to speak. The patient exhibited high tension in the lower limb muscles and stiff muscles. An MRI scan (non-contrast and contrast-enhanced) conducted 48 h after admittance to the China-Japanese Union Hospital revealed sheet-like and patch-like lesions on T1 and mixed isointense areas on T2 in the bilateral frontal lobe, parietal lobe, bilateral corona radiata area, semi-oval center and right occipital lobe. The internal signals were uneven, exhibiting a number of round-shaped hypointense lesions on T1 and hyperintense lesions on T2. The left frontal lobe exhibited an abnormal signal consisting of linear-shaped lesions that may have been caused by bleeding. The enhanced scan suggested that the lesions were diffuse and consisted of small patchy areas of ring-like enhancement surrounding them. The abscess in the left frontal cavity had increased to a volume of 13.0 cm 3 (size, 26x26x35 mm; Fig. 2A , C, E and F). The abscess in the left semi-oval center cavity had increased to a volume of 9.0 cm 3 (size, 25x22x30 mm; Fig. 2B , D-F). Magnetic resonance spectroscopy (MRS) was conducted and the solid entity on the cavity wall was scanned. The results identified an N-acetyl aspartate peak, a significant decrease in the creatine peak, an elevated choline peak, dual lactate (Lac) peaks (1.1-1.5 ppm) and a visible inositol peak (3.56-4.06 ppm) (data not shown). Following previous treatment with vancomycin and meropenem for 1 month, which had led to the deterioration of the patient's condition, medical therapy was changed to 1.0 g vancomycin in combination with 2.0 g ceftriaxone twice a day via intravenous injection.
A total of 2 days after admission, the patient's peripheral blood was examined for Ig levels (5 µl blood; centrifuged at 986 x g, at 4˚C for 10 min) and complement proteins (3 µl blood; centrifuged at 986 x g, at 4˚C for 10 min). The levels of IgG, IgM and IgA were 4.65 g/l (normal range, 8-16 g/l), 0.06 g/l (normal range, 0.5-2.2 g/l) and 0.525 g/l (normal range, 0.7-3.3 g/l), respectively. The levels of complement C3 and complement C4 were 0.788 g/l (normal range, 0.9-1.5 g/l) and 0.236 g/l (normal range, 0.2-0.4 g/l), respectively. Plasma 1-3-β-D-glucan activity (4 ml blood; centrifuged at 98 6 x g, at 4˚C for 1 min), a fungal surrogate marker, was elevated at 225.50 pg/ml (normal range, 100.50-151.50 pg/ml). The patient remained negative for HIV. Taken together, these results suggested the possibility of a fungal infection; therefore, the patient was prepared for stereotactic surgery to target the intracranial lesions.
A total of 7 days after admission, the patient underwent a stereotactic biopsy of aspirate fluid from the intracranial cyst using Komai's stereotactic instrument (Fig. 3A and B) . The CT-Stereotactic Frame used in the current study was manufactured by Mizuho Medical Co., Ltd. (Tokyo, Japan). The left frontal lobe lesion was initially targeted (Fig. 3C) . During the attempt to puncture the target lesion, the needle encountered significant resistance prior to reaching the center. The texture was flexible and resistant and led to the hypothesis that the resistance encountered was the lesion wall. Following successful insertion of the needle into the abscess cavity, a syringe was used to aspirate 5.0 ml pale green fluid and 3.0 ml off-white, toothpaste-like cystic tissue. A silicone tube was then placed to for further drainage. The target was adjusted and subsequently, the lesion in the left semi-oval center was punctured (Fig. 3D) . Using a spiral tissue biopsy needle, the lesion wall tissue, which looked like an off-white, cheese-like substance to the naked eye, was partially removed. A total of 3.0 ml yellow-white, granular, millet-like content was also removed. None of the aspirated materials exhibited a noxious odor.
Following this procedure, it was considered that the patient may have a fungal infection. Following surgery, antibiotic treatment was attenuated and itraconazole solution (200 mg/day; Janssen Pharmaceutica N.V., Beeerse, Belgium) antifungal treatment was administered twice daily via a nasogastric tube.
A CT scan of the head was conducted 1 day following the stereotactic surgery. This confirmed that the abscess in the left frontal cavity was notably smaller and a shadow of gas was present in the brain parenchyma (Fig. 3E) . The drainage tube was positioned at the center of the abscess. The abscess in the left semi-oval center was also noticeably smaller (Fig. 3F) . A round, high-density shadow was present in the cavity, potentially as a result of minimal bleeding following the biopsy on the wall of the abscess cavity (Fig. 3F) .
Tissue and aspirated fluids were sent to the pathology laboratory for analysis. Tissue from the cavity wall indicated local brain tissue gliosis and the presence of scattered inflammatory cells. Cystic fluid was cultured in CHROMagar Candida chromogenic medium (Chromagar; Paris, France). Cystic fluid was streaked onto sterile Petri dishes which contain 10 ml CHROMagar Candida chromogenic medium, and incubated in aerobic conditions at 35˚C.) and purple colony growth was present following 7 days in culture. Following 2 weeks of culture, the medium exhibited a scattered, gram-staining, oval yeast that was identified as C. glabrata (Fig. 4) . The steps of gram-staining were as follows: The colony was smeared on the slide, stained with crystal violet for 1 min, rinsed gently with water, saturated with iodine for 1 min, rinsed with water again and decolorized with 75% alcohol for 20 sec. Subsequently, the slide was rinsed with water, counterstained with safranin for 1 min and rinsed with water again. The slide was observed under a light microscope. The cultured C. glabrata did not present any blastospores or mycelium, suggesting that the strain was in a low-activity state.
A total of 4 days following surgery, the patient regained consciousness and regained the ability to speak. Right limb muscle strength improved from level 2 to level 5. Levels of plasma 1-3-β-D-glucan decreased to 88.20 pg/ml by February 14, 2015. The patient was discharged 10 days following surgery and began eating the following day. After a further 9 days, the patient was able to move the limbs on their right side. On March 5, 2015, the patient regained the ability to speak in complete sentences and was able to walk again on Apri 12, 2015.
A follow-up examination on April 20, 2015 included an MRI scan. A mild ring-like enhancement indicated the presence of a 0.7 cm 3 (12x11x10 mm) single lesion in the left frontal lobe. There was no enhancement shadow in place of the original lesions (Fig. 5A-C) . The patient underwent 20-day, 1-month, 2-month and 2.5-month follow-up examinations to confirm full recovery of speech and mobility. During these follow-ups the patient reported a change in their eating habits, with an increased preference for meat instead of vegetables and also gained weight. An additional follow-up MRI scan conducted 8 months after surgery, which indicated the disappearance of all lesions (Fig. 5D-F) , confirming treatment success. Up to now (24-month follow-up), there was no recurrence of C. glabrata infection.
Discussion
Candida infections occur most often in patients with severe immune function defects (28), such as HIV infections (29) . However, some patients develop brain abscesses following bone marrow transplantation (30) . Although the patient in the current report did not have a history of compromised immune function, examination of peripheral blood for Ig levels and complement tests revealed lower than normal levels of IgG, IgM and complement C3, indicating an immune system abnormality. Cerebral abscesses secondary to Candida infection have been reported in previous studies (3, 8, 16) ; however, in the current study, it is considered that the patient's brain abscesses were primarily caused by C. glabrata.
The patient was initially diagnosed with a brain abscess by MRI and CSF examinations. It was confirmed following hospitalization that infection was not present in any other organs and there was no history of antibiotic use within 6 months of hospitalization. Following treatment with antibiotics, the patient's condition deteriorated. The patient lost the ability to eat and talk, and subsequently fell into a vegetative state. Additional tests were conducted, including tests for CRP and the fungal surrogate marker, plasma 1-3-β-D-glucan. The results of these tests suggested the possibility of a fungal infection. An MRI scan of the head identified that the abscesses had increased in size; therefore, the patient was prepared for stereotactic surgery to target the intracranial lesions. A section of the cystic wall was removed and aspirated fluid and tissue were removed from intracranial lesions with no complications. The patient underwent treatment with itraconazole and 1 day following surgery, the lesions were noticeably smaller. The patient's plasma 1-3-β-D-glucan value decreased to within normal limits following treatment. The patient regained consciousness, right limb muscle strength and was able to speak 4 days following stereotactic surgery. Tissues and fluid were cultured for 2 weeks and C. glabrata was identified.
Although there have been numerous advances in diagnostic procedures and therapeutic strategies, patients with fungal infections of the brain typically have a poor prognosis (2) . Factors associated with the poor prognosis of patients with Candida meningitis include: At >2 weeks prior to diagnosis of Candida meningitis, onset of intracranial hypertension, appearance of focal neurologic deficits and decreased glucose levels in the CSF (<35 mg/dl) was indicated (31) . Successful management of patients requires practitioners to have a high degree of suspicion of a cerebral fungal infection, even as the severity of symptoms varies (12, 32, 33) . Diagnosis is often difficult, as the results of neuroradiological investigations, including CT scans, MRS, radiography and laboratory assessments are often inconclusive (11, 12) . There have been several cases in which patients have experienced a loss of consciousness, fever, focal neurological deficits, headaches and seizures; however, examinations of the CSF, peripheral blood, urine and/or CT scans have failed to uncover the underlying cause(s) of their neurological issues (11, 12, 34) . In addition, it can be difficult to differentiate between patients with cerebral aspergillosis and cerebral candidiasis since the two infections manifest with similar clinicopathological features (32). However, infection of the sino-nasal tract is more common in patients with cerebral aspergillosis, whereas infections of the gastrointestinal tract are more common in patients with cerebral candidiasis (32) . In the current report, it was hypothesized that the initial site of infection was the perineum and occurred following the patient's anal polypectomy.
A surgical approach combined with medical therapy is the most successful method of treating suspected fungal central nervous system (CNS) infections (2) . Patients with intracranial fungal masses may be treated with stereotactic biopsy and/or partial or radical surgical excision of the mass(es), coupled with intravenously or intrathecally administered antifungal therapy (28, 35) . The most widely used medications for patients with CNS mycoses include liposomal amphotericin B, 5-fluorocytosine, fluconazole and itraconazole (28, 31) . In the current study, a stereotactic biopsy was performed on the patient. Tissue samples and aspirated fluids were sent to a pathology laboratory and after 2 weeks, C. glabrata was identified in culture. MRS was conducted during diagnosis of the patient. Although the patient exhibited a Lac peak, which is indicative of anaerobic metabolism in the lesion and suggestive of inflammatory processes, the results of MRS were inconclusive. Therefore, the use of MRS does not replace the requirement for tissue samples when diagnosing a brain abscess.
The outcome for the majority of patients with CNS fungal infections is poor. Mortality rates are ~50% which is attributed to delayed diagnosis and onset of treatment, the presence of serious underlying diseases or conditions, including HIV, transplant recipients and hematological malignancies, and the existence of multi-drug-resistant fungal organisms (5, 28) . In a study investigating patients undergoing bone marrow transplantation with a risk of mortality unrelated to the etiology of the brain abscess or choice of therapeutic regimen, the mortality rate was 97% (30) . In cases where patients survive fungal CNS infections, they often face long-term neurological sequelae (28) . Infection with Candida species has become the most prevalent cerebral mycosis detected at autopsy (2, 11, 12, 31) , indicating ineffective and/or inadequate eradication (19) .
In the current study, a final diagnosis of C. glabrata cerebral mycosis was made following pathological examination of tissue and fluid samples obtained during stereotactic biopsy. Treatment with antifungal therapy led to recovery and the patient experienced no further neurological sequelae. Assessment of the patient's immunological status during the course of illness revealed lower than normal levels of IgG, IgM and complement C3, indicating the presence of an underlying immune system abnormality. Information gleaned from previous studies and the current case report have demonstrated that timing, neuroradiological investigations and typical clinical laboratory assessments, such as examination of CSF, do not lead to the diagnosis of cerebral mycosis.
In conclusion, all brain abscesses, including small abscesses should be biopsied as early as possible so that objective evidence of the underlying cause of the disease, particularly regarding the type of mycosis, maybe identified as early as possible following onset. To the best of our knowledge, the current case report is the first to be published in English describing a brain abscess caused primarily by C. glabrata.
